Abstract Competitive advantage can be gained through targeted exploitation of proprietary knowledge of all types, but especially of expertise and experience. One of the major issues in multidiscipline collaborative projects is how best to share and simultaneously exploit different types of expertise, without duplicating efforts or inadvertently causing conflicts or loss of efficiency through misunderstandings of individual or shared goals. Hence the challenges are enormous when considered in the context of distributed decision making from concept design, through product and manufacturing system design, volume production and on into obsolescence. Moderator Technology, in the form of knowledge based software support systems, have been successfully demonstrated in both the product and manufacturing system design domains. However, knowledge acquisition, learning and updating of knowledge is yet to be fully studied. This paper presents a knowledge discovery framework to support knowledge acquisition for moderator technology in collaborative projects.
I. INTRODUCTION A BUSINESS can differentiate itself from its
competitors and compete efficiently and effectively, through well-targeted exploitation of its knowledge and expertise. Knowledge exists in all business functions, including purchasing, marketing, design, production, maintenance and distribution, but knowledge can be notoriously difficult to identify, capture, manage and reuse [1] . Hence, manufacturing enterprises are faced with a twofold knowledge challenge; (1) To thoroughly understand and efficiently capture their valuable knowledge and expertise, and (2) to ensure that such knowledge is effectively reused and exploited to gain the best possible competitive advantage. This paper presents a knowledge discovery and data mining (KD/DM) framework for learning, sharing, and reuse of experience and expertise within multiple discipline project teams using the concept of a manufacturing system engineering moderator (MSEM) .
A manufacturing system may be engineered or reengineered for a variety of different reasons. Projects may range from partial or comprehensive overhaul of existing resources to a complete design of new manufacturing facilities and systems, and are generally executed by multidisciplinary project teams. The manufacturing system must satisfy many different requirements so compromises generally have to be made to achieve a balanced design for the new or re-engineered facility. Project team members must be aware when decisions that they make may affect other team members. The complexity of this problem increases when manufacturing projects are large and members are located in multiple sites, as the greater "awareness" that comes with "face to face" meetings can be very difficult to achieve. Therefore, an intelligent support system such as moderator technology is necessary [2, 3] . Moderators have been utilized for several types of collaborative team projects, including both product and manufacturing system design. Recently they have also been applied in the context of globally extended manufacturing teams, where the challenges of knowledge sharing and awareness of available expertise were addressed through the adoption of a manufacturing system engineering ontology to enable semantic interoperability across the extended project teams [4, 5, 6] .
To date, all moderators have been designed and implemented as specialist software systems, consisting of a moderation module, multiple expert modules and a knowledge acquisition module. Until now, all knowledge acquisition for the prototype moderators has been done manually, based on human expertise and experience [3, 4] . There is however substantial potential for moderators to "learn" and update themselves from knowledge discovered in the existing operational databases of manufacturing companies. Our data mining case studies have already shown that relevant knowledge for future designs and redesigns can be identified by exploring operational data collected during product manufacture [7, 8] . This paper therefore introduces a new KD/DM framework and proposes that the moderator's knowledge acquisition module should incorporate "learning", updating and reuse elements which exploit knowledge discovery techniques. [3, 9] ), which was also part of the Intelligent Manufacturing System (IMS) programme. The MSEM provided intelligent support to MSE processes by monitoring their inputs and progress. MSEMs thereby ensure that project members are made aware of additions or changes to the manufacturing system design which are relevant to their role in the MSE process.
In most multi-discipline design activities, compromises have to be made to achieve a balanced design that meets all the requirements and objectives of the projects. However, since individual experts (e.g. process selection, equipment selection, facility layout, design and many more) may work on their own on particular aspects of a design, it may be difficult to identify when compromises need to be made. A primary function of the MSEM is to raise awareness of expertise within and between members of the design team, highlighting when interactions and communications are needed. Clearly project teams can contain many experts from different specialist discipline sets and in large, complex projects, it is very easy for team members to become purely focused on their own areas of contribution and adopt "over the wall" methods of working which can (inadvertently) cause difficulties for other members of the team. This type of problem is increased when the project team is distributed, working at different global locations, since team members may seldom, if ever, meet together 'face to face'. Project team members need to be aware when they take a design decision which affects another team member (or members), and also need to be made aware when a decision has been made that directly (or indirectly) affects their work. The various activities performed by the MSEM to achieve its primary function are termed as moderation processes and the essential constituent activities are listed below [3] . * The MSEM must know whenever a decision is taken relating to the MSE project, as this is equivalent to a change being made to the MS design. * The MSEM must be able to evaluate the change and determine whether the decision is significant to any other team members. * The MSEM must be able to communicate with any team member who is assessed as being affected significantly by the change. The MSEM must also be able to collect, store, evaluate and modify knowledge about what is important (significant) to individual team members. This is performed through the knowledge acquisition module and is termed as the knowledge acquisition process. types of update may be needed. When a new team member is added to the system, the design criteria upon which the contributor bases his design must be analyzed, and new knowledge extracted from this in a form which is suitable to the use by the MSEM when moderating design changes. The second type of update relates to continuous learning that is needed to improve the performance of the MSEM over time. If a particular team member has only a limited amount of knowledge that is considered to be useful, the selection of knowledge for inclusion in a DEM of the MSEM is straightforward. If however, the team member has large amounts of potentially useful knowledge, some evaluation function will be required to determine, which knowledge should initially be selected, and to continue to evaluate its usefulness during the operation of MSEM. The MSEM must be able to acquire knowledge that is both generally applicable to industry and specifically applicable to the enterprise including the knowledge of all the team members currently participating in the MSE design. The KAM must therefore regularly update the DEMs, or sometimes create new DEMs, DEMs are not all equally relevant at all stages of a project, and therefore individual DEMs may sometimes be removed from a project. However, this does not mean that the knowledge stored by the removed DEM is permanently deleted, it still exists and the DEM can therefore be reintroduced to the project or to a new project at a later stage if it becomes relevant. As explained in the introduction to this paper, this has previously been done manually, but there is however substantial potential for moderators to "learn" and update themselves from knowledge discovered in operational databases. Motivated by past research carried out in the area of manufacturing systems engineering and the calls from the recent ManuFuture Conference and its Strategic Research Agenda [10] for future European manufacturing research focused on knowledge based systems, our research proposes an initial concept for the development of a knowledge discovery based framework to support the KAM of an MSEM. Figure 3 clearly illustrates the linkage between the knowledge discovery and data mining (KD/DM) framework described below and the MSEM. The next section briefly discusses the knowledge discovery and data mining process.
IV. KNOWLEDGE DISCOVERY AND DATA MINING Knowledge discovery in databases (KDD) which includes data mining is a rapidly growing interdisciplinary field which merges together database management, statistics, machine learning and related areas and is aimed at extracting useful knowledge from large collections of data. KDD is the process of identifying valid, novel, potentially useful and ultimately understandable patterns and/or models in data [11, 12] . Data mining is a step in the knowledge discovery process consisting of selecting and applying particular data mining algorithms that, under some acceptable computational efficiency limitations, find patterns or models in data [1] . Conceptually KDD refers to a multi step process which can be highly interactive and iterative to perform the following [13] . * Understanding the application domain and formulating the problem; * Collecting and preprocessing (such as selection, cleaning, transformation and projection) of data; * Application of appropriate data mining algorithms for mining the data to extract patterns and appropriate models; * Evaluating and interpreting the extracted patterns to decide what constitutes "Knowledge"; * Consolidating the knowledge, if necessary transforming the identified patterns and/or models to alternative representations and resolving conflicts with previously extracted knowledge; * Making the knowledge available for use by the other interested elements within the system; Figure 4 schematically represents the steps involved in the knowledge discovery process. The integration of a data mining framework with the existing systems is also an important issue. The application of a wide range of technologies such as intelligent agents, multi media, hypermedia, distributed systems, computer networks such as internet and web based systems can be used to resolve the integration issues. Data mining is starting to be applied in manufacturing to support decision making processes [14] . A simple DSS architecture consists of a single decision maker with single information source knowledge discovery functionality. This lacks the ability to deal with situations in which multiple decision makers and multiple information sources are involved [13] . Our proposed moderator system with learning KAM falls into the category of multiple information sources and multiple decision makers. consists of three components; a knowledge interface, functional facilities and a knowledge base relating to current project team members (and including details of previous updates to knowledge that have been made using the KAM). The knowledge interface manages the communication between the knowledge manager and the knowledge miner. The mining tasks are carried out using the current project team member knowledge base. Knowledge about the project team members, domain knowledge, and the main data mining engine are part of this component. The mining engine is given a mining objective, and then it tries to discover any existing patterns of data by forming the data into clusters that share some common properties, finding associations among the data, and discovering If then else rules. Further functionality of the mining engine enables it to transfer the data into local format based on the common vocabulary. Overall, the knowledge miner has an important part to play for the KAM, since it plays a vital role in extracting the information, discovering hidden relationships, dependencies, patterns, etc., relating to particular team members specified within the knowledge base. After completing the mining task, the results are sent to the knowledge manager for further processing and queries.
B. Knowledge Manager
The knowledge manager acts as the heart of the proposed KD/DM framework, and plays a vital role of manager, mediator and communicator between different knowledge miners, the information manager, DEMs, and the repository for knowledge sharing. It also makes the decisions to create or delete DEMs based on the extracted information, recommendations from the various constituent elements, and information about changes being made to the project team. The knowledge manager mainly consists of four components; miner interface, manager interface, functional facility, and the manager knowledge base. The basic structure is represented in figure 7 . The knowledge manager checks what special types of knowledge are relevant to specific DEMS and consequently which types of databases and files are appropriate to mine in order to update the knowledge content of the particular DEM. When mining and update tasks have been completed, it stores the knowledge of these activities into the repository for possible future use and transfers the relevant new or updated knowledge into the DEMs through the expert module assistant. The updated DEMS can then be enabled, so that they can be used again in the ongoing moderation processes. The functional facility, with the help of inference engine and collaboration facility provide the mechanisms for knowledge transactions. Important functionalities include aspects such as common vocabulary (since databases from different sources may need to be mined), available decision topics, existing and past mining results and strategic mining knowledge. The information manager, repository and knowledge miner also need to interface with the knowledge manager.
A ..~~~~~~~~~~~~~~~~~~~~~. The repository stores the knowledge for future reuse. It stores mining results and helps the knowledge manager, if a similar situation arises in future during the project. When the knowledge manager receives the mining request for information, it first queries the repository to see if relevant knowledge pertaining to the request has already been discovered. If it is not found then the knowledge manager initiates the knowledge miner(s) to mine the appropriate knowledge/data bases. In addition, the repository provides the mechanisms for using a common vocabulary. As the different members of the project team work on the same problem domain and communicate with a set of valid message objects, therefore, it is essential for all the components of the knowledge acquisition module to share a common vocabulary. Furthermore, meta knowledge must be stored in the repository, such as system configuration, (e.g. various mining parameters of knowledge miner), and design considerations for the data mining framework should be recorded, such as use of generic software and knowledge that can be shared and reused by other project teams in the future.
VI. IMPLEMENTATION ASPECTS AND DISCUSSION
In earlier implementations of prototype MSEMs the KAMs were implemented as applications, which could be used to create, delete or modify DEMs. In the present context, a combination of object technology, database technology and established object oriented programming languages such as C++, and Java are to be used to implement the KD/DM framework since the combination of the functionalities that they provide can easily satisfy the various requirements of the KAM processes. Java can also be used to interface with and activate various data mining packages and algorithms enabling our proposed system to gain the benefits of those approaches. Using the XML technologies makes the integration dynamic and extensible. XML allows complex structured data to be transmitted to the web applications, proof of document validity, and supports the semantic qualification of data. The knowledge manager will be implemented using Java. The repository in the data mining framework will be constructed as a database management system, since Java database connectivity (JDBC) can be used to access the database in an efficient manner.
VII. CONCLUSION AND FUTURE SCOPE
The application of moderation has already been demonstrated in support of product design and manufacturing system design. Moderators are specialist intelligent software system, which support individuals to perform their particular roles, using their own preferred methods of working whilst raising awareness of the needs of other individuals and the total team. This paper proposes a KD/DM framework to enable the KAM of a Moderator to automatically learn and update the DEMs. This enables the reuse of discovered knowledge from operational databases within collaborative projects. The integration of KDD techniques into the existing KAM of a moderator should enable hidden data dependencies and relationships to be utilized to facilitate the moderation process. Further research will be to integrate and develop a prototype test bed for the proposed framework in the context of an extended virtual enterprise and to integrate the proposed KD/DM framework with previous research into e-supply chain moderators.
